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Purpose: A prospective study was undertaken ofall vascular laboratory tests performed by 
the "on-call" technologist during a 3-year time period. 
Methods: Technologists ake call on a rotating basis. All patients evaluated had symptoms. 
History and risk factor data were collected at the time of patient encounter. 
Results: Studies were initiated from the emergency department 56% of the time, from 
inpatient examinations 33% of the time, and from outpatient examinations 11% of the 
time. Ninety percent (n = 440) of the studies obtained were venous duplex scans (VDS). 
Fifty-eight percent (257 of 440) of the studies were performed on weekends. Thirty-two 
percent of the studies resulted in admission of the patient. Of the 440 VDS obtained, 51% 
(224 of 440) identified some type of disease. Acute deep venous thrombosis (DVT) was 
diagnosed in 15% (67 of 440), acute superficial venous thrombosis (SVT) in 4% (17 of 
440), acute DVT and SVT in 7% (31 of 440), chronic DVT in 4% (17 of 440), chronic 
SVT in 4% (16 of 440), and chronic DVT and SVT in l°/o (3 of 440); 2% (9 of 440) of 
the DVTs were of indeterminate age. Other diseases were identified in 22% (95 of 440), 
including popliteal cysts, inguinal lymphadenopathy, and soft tissue edema. 
Conclusions: Having an "on-call" vascular technologist has allowed patients with acute 
venous thrombosis to be triaged and admitted, if necessary, in a timely fashion. Those 
patients who have symptoms and a negative VDS result are able to avoid unnecessary 
hospitalization a d treatment. The expense of this service is easily justified by the savings 
of unnecessary hospital days. (J VASC SURG 1995;22:548-52.) 
The modern vascular laboratory has become 
central to the evaluation and management of lower 
extremity deep vein thrombosis (DVT), extracranial 
and intracranial cerebrovascular disease, aortoiliac 
occlusive and aneurysmal disease, and lower extrem- 
ity arterial occlusive disease.1 Although physicians in 
many disciplines use the vascular laboratory for 
inpatients, outpatients, and patients from the emer- 
gency department (ER), 24-hour availability of some 
hospital services is not universal. 2,3 The impact on 
patient management of tests performed outside 
routine operating hours, as well as the cost- 
effectiveness of various "on-call" policies has not been 
well studied. We prospectively studied all vascular 
laboratory tests performed by the "on-call" technolo- 
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gist to determine the diagnostic yield, impact on 
patient management, and cost-effectiveness at a 
single institution over a 3-year period. 
MATERIAL AND METHODS 
From February 1992 to January 1995, all tests 
performed by the "on-call" vascular laboratory tech- 
nologist at Good Samaritan Hospital, Cincinnati, 
Ohio, were studied prospectively. Routine operating 
hours for the vascular laboratory are between 8:00 
and 4:30 VM, Monday through Friday. Good Samari- 
tan Hospital is a 700-bed acute care city hospital with 
25,443 admissions and 9292 clinic visits annually. 
The vascular laboratory is staffed by three registered 
and two registry-eligible vascular technologists. The 
average technologist's experience in the laboratory is
5.25 years. Call rotates on a weekly basis. The 
technical supervisor does not participate in the call 
rotation but is available 24 hours a day for the 
performance of any "off-call" studies (emergency 
situations that occur between 11:00 VM and 7:00 AM) 
or to assist other technologists as needed. The 
"on-call" technologist hours shift to allow them to 
work daily from 9:00 AM until 5:30 VM on weekdays 
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Table I. Risk factors and symptoms by department requesting VDS 
Percentage of patients with risk factors or symptoms 
Risk factors Inpatients (n) Outpatients (n) Patients from ER (n) 
Previous DVT 16.1 (23/143) 12.2 (6/49) 30.6 (76/248) 
Previous SVT 7.7 (11/143) 14.3 (7/49) 8.9 (22/248) 
History of trauma 16.8 (24/143) 14.3 (7/49) 14.5 (36/248) 
Oral contraceptives 0.0 (0/92) 12.1 (4/33) 5.7 (9/157) 
Cancer 13.3 (19/143) 8.2 (4/49) 9.3 (23/248) 
Varicose veins 11.2 (16/143) 6.1 (3/49) 10.9 (27/248) 
Vein stripping 9.1 (13/143) 2.0 (1/49) 9.3 (23/248) 
History ofPE 7.7 (11/143) 4.1 (2/49) 8.5 (21/248) 
History of heart disease 28.0 (40/143) 12.2 (6/49) 25.4 (63/248) 
Diabetes 15.4 (22/143) 12.2 (6/49) 17.3 (43/248) 
History of drug abuse 0.7 (1/143) 0.0 (0/49) 2.0 (5/248) 
Surgery 60.8 (87/143) 20.4 (10/49) 22.6 (56/248) 
Smoking 30.8 (44/143) 18.4 (9/49) 38.3 (95/248) 
Pregnant at scan time 8.7 (8/92) 0.0 (0/33) 2.5 (4/157) 
Stockings 22.4 (32/143) 6.1 (3/49) 6.9 (17/248) 
Bedrest 35.7 (51/143) 2.0 (1/49) 6.5 (16/248) 
Pain 51.0 (73/143) 67.3 (33/49) 72.2 (179/248) 
Swelling 49.7 (71/143) 49.0 (24/49) 64.5 (160/248) 
Tenderness 32.2 (46/143) 32.7 (16/49) 29.8 (74/248) 
Discoloration 7.0 (10/143) 4.1 (2/49) 14.1 (35/248) 
Table II. Distribution of venous thrombi 
System involved Acute Chronic Indeterminate Total 
DVT 67 17 6 90 
SVT 17 16 3 36 
DVTand SVT 31 3 0 34 
Total 115 36 9 160 
and be available (via pager) until 11:00 PM, as well as 
from 8:00 AM until 11:00 PM on weekends and 
holidays. Tests requested after 11:00 PM are per- 
formed at 8:00 AM the following morning, with 
special exceptions made at the discretion of a board 
certified vascular surgeon, who is available (via pager) 
for consultation by the technologist or emergency 
department physician at all times. Tests available 
include duplex ultrasonography performed on the 
upper and lower extremities (venous and arterial), 
cxtracranial carotid arteries, abdominal aorta, and 
visceral arteries. Transcranial Doppler ultrasonogra- 
phy and miscellaneous ltrasound examinations for 
pseudoaneurysm and soft tissue abnormalities are 
also performed. The Biosound Phase II (Biosound 
Inc., Indianapolis, Ind.), the ATL HDI  (Advanced 
Technology Laboratories, Bothell, Wash.), Acuson 
128 (Acuson, Inc., Mountain View, Cali£), or the 
Medasonics Transpect TCD (Acnson, Inc.) machines 
were used for the examinations. The technologist has 
a 1-hour response time to arrive at the hospital to 
perform the studies. Preliminary results are reported 
to the requesting physician at completion of the 
procedure. Patient data, including comorbid medical 
conditions, as well as risk factors for DVT and arterial 
occlusive disease, are recorded at the time of exami- 
nation (Table I). 
Parametric statistical analysis was done with the 
Student  test, whereas nonparametric comparisons 
were done by the chi-squared method. Ap value less 
than 0.05 was taken to represent a significant 
difference. Regression analysis of all possible subsets 
was used to analyze for possible predictor variables 
for either positive or negative xamination results. 
BMDP statistical software (BMDP Statistical Soft- 
ware, Inc., Los Angeles, Calif.) was used for all 
statistics. 
RESULTS 
During the study period, 14,650 tests were 
performed by the vascular laboratory, with 491 (3%) 
performed by the "on-call" technologist. "On-call" 
studies accounted for 3% (491 of 14,650) of all 
examinations performed in the laboratory during this 
same time period. Of  the "on-call" studies, 440 
(90%) were venous duplex scans (VDS) to rule out 
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Table III. Distribution of nonthrombotic disease 
Disease identified 
Patients who also 
had a DVT or SVT 
Patients with an 
isolated disease found 
Hematoma 0 6 
Popliteal cyst 7 20 
Lymphadenopathy 9 24 
Soft tissue edema 9 12 
Other 6 11 
Table IV. Distribution of positive test results 
Percentage of patieuts with positive test results 
ER Inpatient Outpatient Total 
All diseases 52.4 (n = 130) 47.0 (n = 70) 32.7 (n = 16) 49.1 (n = 216) 
Total studied 248 149 49 440 
thrombosis. There were 159 men (age 52.7 + 17.0 
years, range 17 to 91) and 281 women (age 
54.4 + 19.0 years, range 16 to 95). Of these, 58% 
were performed on either a Saturday or Sunday, and 
42% were performed Monday through Friday. Other 
studies performed included 25 vein mappings (5%), 
14 (3%) carotid artery duplex scans, seven (1%) 
transcranial Doppler examinations, and five (1%) 
miscellaneous tudies. The miscellaneous tudies 
included one infrainguinal graft surveillance, one 
evaluation for presence of an abdominal aortic 
aneurysm, one pseudoaneurysm assessment and pos- 
sible compression therapy, and two evaluations for 
presence of peripheral arterial aneurysms. 
"On-call" VDS accounted for 9% (440/4678) of 
all VDS obtained uring the study period. Of these, 
51% (224/440) were positive for some type of 
disease. DVT, superficial venous thrombosis (SVT), 
or both were diagnosed in 37% (160 of 440) of all 
VDS obtained and comprised 71% of all positive 
VDS results (160 of 224). Table II summarizes the 
distribution of thrombi n the deep and superficial 
systems. Disease other than venous thrombosis was 
found in 22% (95 of 440) of all VDS and was an 
isolated finding in 29% (64 of 224) of positive VDS 
results. The distribution of other disease in patients 
with and without venous thrombosis is shown in 
Table III. 
For the patients in the study found to have a 
DVT, swelling was the most common symptom 
(65%), followed by pain (63%) and tenderness 
(29%). Risk factors for all patients are shown in 
Table I. Multivariate analysis failed to yield risk 
factors predictive of a negative scanning result. 
For VDS, the ER initiated the examination 56% 
of the time. Inpatients were evaluated 33% of the 
time, and 11% of the studies were performed on 
outpatients. Studies ordered in the ER had positive 
results in 52%, which was similar to the inpatient 
positive yield of 47%. Outpatient study results, 
however, were positive only 33% of the time 
(Table IV). Ninety-three of 248 patients from the ER 
were subsequently admitted, as opposed to only two 
of 49 outpatients studied for venous thrombosis. The 
use of expanded routine hours of operation for the 
vascular laboratory resulted in an annual savings of 
$2500. 
Likelihood of a positive VD S result was evaluated 
by specialty of the ordering physician (Table V). 
Examinations were most frequently ordered by 
internists and emergency medicine physicians, but no 
specialty had a statistically higher yield of positive 
scan results. 
Of the 14 patients who underwent carotid artery 
duplex scanning, five were found to have a 50% to 
99% internal carotid artery stenosis and one a 
complete internal carotid artery occlusion. Three 
scans were performed for trauma with neurologic 
symptoms, 10 others were performed for follow-up 
of symptoms, and one was performed for an asymp- 
tomatic follow-up for emergency preoperative coro- 
nary artery surgery. 
DISCUSSION 
The current era of cost containment has 
prompted a critical evaluation of all hospital services, 
including the vascular laboratory. 4'~ We recently 
changed the "on-call" policy of our laboratory to 
provide the best combination of test availability and 
cost-effectiveness. Because the issue of availability 
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Table V. Test results by physician specialty 
% of their tests positive % of their tests positive 
Physician specialty % of the 440 referrals for DVT for a disease 
Internal medicine 35 29 52 
Obstetrics/gynecology 4 33 53 
Vascular and cardiotho- 7 33 67 
racic surgeons 
Orthopaedic surgeons 10 15 43 
General surgeons 6 35 58 
Neurosurgeons 2 22 33 
Family practice 2 30 60 
Emergency medicine 23 33 52 
Miscellaneous 11 27 62 
outside of routine operating hours has not been stan- 
dardized between institutions, we sought o evaluate 
this change with reference to impact on patient man- 
agement, patterns of use, and cost difference. 
In this study, all examinations were performed 
between the hours of 8:00 AM and 11:00 VM, 
including weekends. Although the potential for 
examination outside these hours was possible, the 
effort to adhere to this policy was entirely successful. 
From a practical standpoint, this was not difficult. 
Most patients were evaluated for lower extremity 
DVT, the symptoms of which may be subtle. 
Although most inpatients are evaluated uring rou- 
tine hours, afternoon and early evening rounds 
generated most inpatient "on-call" studies. The 29% 
positive yield of inpatient VDS is high enough to 
justify providing the test but is not so high as to 
support empiric treatment until confirmation by 
VDS the following day. This is even more evident for 
patients from the ER, because they had a higher 
positive yield of 31%. Once again, it was exceedingly 
rare for a patient o come to the ER after 11:00 VM 
with isolated symptoms of DVT. Providing VDS 
before this time prevents admission to the hospital 
for observation, which is a savings of $430 per night, 
not including the cost of anticoagulation or its 
associated risks. Outpatients referred for VDS had a 
low positive yield and therefore represented the 
poorest use of the "on-call" technologist. Because 
they comprised only 11% of the "on-call" studies, the 
relevance of this observation is unclear. 
VDS was the most commonly ordered study, 
comprising 90% of all "on-call" studies. Although 
some authors have attempted to identify clinical 
criteria predictive of DVT 6,7 in this study, clinical 
criteria failed to predict a positive study result. 
Clinical acumen therefore is not an appropriate 
substitute for a VDS. Although physicians o f t  wide 
variety of specialties used the "on-call" technologist, 
little difference in positive yield was seen. In addition, 
the disease of positive scan results was varied. Isolated 
nonthrombotic findings such as popliteal cysts were 
not uncommon. The impact of a positive study result 
on patient management was clear because 38% of 
patients evaluated in the ER were admitted. 
Before this study, the vascular laboratory main- 
rained scheduled Saturday hours. Use of these hours, 
however, was inconsistent. Creation of t  weekend call 
shift and a flexible weekday shift, where the "on-call" 
technologist arrives at 9:00 AM and remains in the 
laboratory until 5:30 eM, was implemented toprovide 
coverage for tests scheduled late in the day. It also 
provided flexibility of shift scheduling for the tech- 
nologists, decreasing overtime and increasing hours 
of operation for the vascular laboratory to permit 
patients to be scheduled after work or school. Despite 
the fact that most "on-call" studies were performed 
on a weekend, the current policy has resulted in a 4% 
reduction in "on-call" hours and 29% reduction in 
overtime hours. 
In summary, our current vascular laboratory 
"on-call" policy of technologist availability via pager 
until 11:00 PM on weekdays and from 8:00 AM until 
11:00 vM on weekends and holidays accommodates 
the vast majority of patients, because no tests were 
performed outside of these hours. Utilization review 
demonstrated that VDS is most commonly ordered, 
comprising 90% of all "on-call" tests. The positive 
yield for VDS was 51%, and no risk factors could 
predict apositive or negative test result. Positive yield 
did not vary significantly by the specialty of physician 
ordering the examination. The ER initiated the 
examination i  56% of cases, with 38% of patients 
from the ER subsequently admitted to the hospital, 
whereas 62% of the patients were discharged home. 
Only 4% of the outpatients studied required admis- 
sion. These observations justify the "on-call" policy of 
technologist availability beyond routine operating 
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hours but do not support a 24-hour service. The 
importance of the vascular laboratory in patient care 
continues to emerge. In the current climate of 
cost-effectiveness, theuse of flexible scheduling and 
"on-call" coverage seems justified but does not 
currently include routine studies between 11:00 PM 
and 7:00 aM. 
We acknowledge the support provided by the staff of 
the John J. Cranley Vascular Laboratory and the statistics 
support of the Clinical Support Laboratory, Good Samari- 
tan Hospital, Cincinnati, Ohio. 
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